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1
SATELLITE TELEPHONY

RELATED APPLICATIONS

This application 1s a continuation of non-provisional appli-
cation Ser. No. 10/658,416, filed Sep. 10, 2003, and entitled

“Improved Satellite Telephony,” the contents of which are
incorporated herein by reference 1n its entirety for all pur-
poses.

FIELD OF THE INVENTION

The present invention relates generally to the field of sat-
cllite communications. Some embodiments relate to packet-
ing schemes for encapsulating data in digital transmission.
Some embodiments use a packet scheme 1n accordance with
the Moving Picture Experts Group (MPEG)-2 transmission
standard, as used 1n a satellite transmaission system employing
the Digital Video Broadcast (DVB) standard established by

the European Telecommunications Standards Institute
(ETSI).

BACKGROUND OF THE INVENTION

In October, 1957, a twenty-three inch diameter metal ball
made history. Named Sputnik 1, it was the first communica-
tion satellite successiully launched into orbit of the Earth.
Sputnik was the first, but by far was not the last. In the decades
since then, thousands of satellites have been launched, and
they have grown to become a critical and reliable aspect of our
society. Today, they are used to enable rapid distribution of
newspaper content, television services, global positionming
information, radio stations, and countless other types of infor-
mation.

One of the more prominent uses of satellites today 1s 1n the
transmission of television programming and content in a digi-
tal format. Customers may purchase individual satellite
dishes to subscribe to any of a number of these satellite digital
television services. The present discussion relates to several
technical standards that are used to enable such services. The
first such standard deals specifically with satellite transmis-
s10n, was established by the European Telecommunications
Standards Institute (ETSI), and 1s known as DVB-S. The
DVB-S standard focuses on satellite transmission of digital
video data, and employs another digital standard, known as
MPEG?2, for the compression and packetization of the digital
data carrled by DVB-S transmissions. The DVB-S standard 1s
actually a part of a family of standards established by ETSI,
known generally as DVB, that are used for the transmission of
video, audio and other data using the MPEG?2 standard over a
satellite. A similar DVB standard, known as DVB-T, 1s used
for transmission over terrestrial links.

The MPEG?2 standard, established by the Moving Pictures
Experts Group, relates generally to the compression and
packetization of digital data. Originally developed for use in
transmitting digital video and audio data, the MPEG2 stan-
dard has also been used to transmit data by placing data
packets (also known as datagrams) within the payload sec-
tions of one or more MPEG?2 packets, which are transported
as MPEG?2 transport stream(s) according to the DVB-S stan-
dard. The part of the DVB standard that defines the transmis-
sion ol data protocols over a DVB carrier 1s called Multi
Protocol Encapsulation (MPE). This option can be used to
transmit IP (Internet Protocol) packets thus allowing satellite-
based connectivity to the Internet. As an extension to this
possibility, 1t 1s also possible to use this satellite transmission
to enable voice over IP (VoIP) telephony applications.
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Such satellite-based telephone applications are advanta-
geous, 1n that they allow telephone service and communica-
tions for remote locations 1n the world, or areas that lack the
infrastructure for wired communications.

Using the DVB-S standard to carry voice over IP allows
cheaper systems to be manufactured, since much of the
DVB-S and IP-based equipment 1s already 1n use for other
Internet purposes, and the economy of scale drives prices
downward. There are problems, however, with such satellite
telephone solutions. Namely, using the DVB-S and IP proto-
cols requires significant overhead.

For example, in a typical voice over IP system, voice data
1s compressed mnto voice packets that are 24 bytes long. Each
such voice packet carries the information for 30 milliseconds
ol voice data. To help reduce overhead, a technique called
“packing” 1s often used to place two voice packets within a
single MPEG?2 packet bound for a single destination. Since
cach voice packet carries 30 milliseconds of data, carrying
two voice packets in each MPEG2 packet would mean that
cach MPEG?2 packet must be processed once every 60 milli-
seconds, or else a perceivable delay will result 1n the audio.

This “packing” of pairs of voice packets reduces some
overhead, but much overhead remains. The IP protocol
requires 20 bytes of overhead to contain the necessary IP
routing and addressing information associated with the two
24-byte voice packets. Transmitting these voice packets
requires another 12 bytes per transmission for the Real Time
Transport Protocol (RTP), as well as another 8 bytes for the
User Datagram Protocol (UDP). Accordingly, to transmait 48
bytes of actual data (the two 24-byte packets), there 1s a
corresponding additional 40 bytes of overhead.

Typically, the MPE format 1s used to encapsulate IP data-
grams for transmission using the DVB format. This MPE
encapsulation adds a-12 byte header (including, among other,
the MAC address and length) and a 4-byte Cyclic Redun-
dancy Check (CRC) for error detection. Therefore, 16 bytes
are added to each IP datagram to be sent over DVB using MPE
encapsulation. The total overhead 1s determined by the length
of the IP datagram, if a single datagram 1s encapsulated 1n an
MPEG?2 packet then we get 16 bytes for the MPE encapsula-
tion header. Since each MPEG2 packet has a fixed length of
188 bytes, then 11 small datagrams are to be sent, then multiple
datagrams can be packed in a single MPEG2 packet, this 1s
called packing. When packing 1s used the MPE overheads are
16 bytes per packet. Very large datagrams are split into mul-

tiple MPEG?2 packets, but the MPE overhead 1s still 16 bytes.

Theretfore the MPE encapsulation scheme 1s efficient for large
IP datagrams. However for telephony applications, where the
datagrams are very small (48 bytes), the MPE 1s not very
eificient.

Totaling these figures, to transmit 48 bytes of data 1n exist-
ing satellite-based voice-over-IP systems, an additional 56
bytes of overhead 1s required. This overhead consumes the
transmission capacity of a satellite, reducing the amount of
actual voice data that 1t can transmit at any one time. There 1s
aneed to reduce this overhead, and maximize the effective use
of a satellite’s transmission capability to provide telephony
services.

BRIEF SUMMARY OF THE INVENTION

The following presents a simplified summary of aspects of
the invention. This summary 1s not an extensive overview of
the entire invention. It 1s not mtended to identify key or
critical elements of the mvention or to delineate the scope of
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the invention. The following summary merely presents some
concepts 1n a simplified form as a prelude to the more detailed
description provided below.

To overcome at least some of the limitations 1n the prior art
described above, and to overcome other limitations that will
be apparent upon reading and understanding the present
specification, the present invention 1s directed to a novel
method of handling data for transmission.

A first aspect of some embodiments of the invention pro-
vides a number of packeting schemes that avoids much of the
overhead currently associated with satellite telephony sys-
tems by applying the schemes to the DV B data piping profile.
The DVB data piping profile requires minimal overhead, and
makes no assumptions regarding the format of the data being,
sent. Some embodiments of the present invention take advan-
tage of this piping profile to transmit voice data in the MPEG?2
stream format.

A second aspect uses existing MPEG?2 packet structures 1n
a novel manner to transmit telephony data with a minimum of
required overhead. For example, some embodiments divide
the payload portion of an MPEG?2 packet to carry a number of
frame packets or messages intended for a plurality of receiv-
ing terminals, such as a voice packet.

A third aspect relates to 1dentifying telephony frame data
that has been placed within an MPEG?2 packet. In some fur-
ther aspects, a payload umt start bit 1s used in combination
with a pointer having a predetermined value indicative of
telephony data. In other further aspects, a specific MPEG?2
Packet Identifier (PID) 1s used to indicate the presence of
telephony data 1n the packet.

A Tourth aspect relates to receiving and demultiplexing
data that has been transmitted 1n a format as specified herein.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete understanding of the present invention
and the advantages thereof may be acquired by referring to
the following description 1n consideration of the accompany-
ing drawings, in which like reference numbers indicate like
features, and wherein:

FI1G. 1 1llustrates an example satellite communication sys-
tem 1n which one or more embodiments of the present inven-
tion may be implemented.

FIG. 2 illustrates a logical diagram of the data streams
found i1n the MPEG2 standard used with some embodiments
disclosed herein.

FI1G. 3 1llustrates a typical MPEG?2 packet structure.

FI1G. 4 illustrates a packet payload arrangement that may be
used 1n some embodiments of the present invention to carry
telephony data.

FIG. 5 1llustrates an example flow diagram for a process of
receiving and handling packets according to some embodi-
ments of the present invention.

FI1G. 6 1llustrates an example block diagram of a system on
which one or more embodiments of the present invention may
be practiced.

FIG. 7 shows an illustrative block diagram of components
at a hub on which one or more embodiments of the present
invention may be practiced.

DETAILED DESCRIPTION OF ILLUSTRATIV.
EMBODIMENTS

L1

In the following description of the various embodiments,
reference 1s made to the accompanying drawings, which form
a part hereot, and 1n which 1s shown by way of illustration
various embodiments 1n which the mvention may be prac-
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ticed. It 1s to be understood that other embodiments may be
utilized and structural and functional modifications may be
made without departing from the scope of the present mnven-
tion.

FIG. 1 illustrates an example configuration in which one or
more embodiments of the present invention may be practiced.
In the FIG. 1 configuration, sometimes referred to as a “star”
configuration, a communication satellite 101 may orbit the
carth and communicate with a hub 102. Hub 102 may serve as
the center of a network, and may have one or more computer
servers, terminals, or other computing devices associated
therein. Satellite 101 may also communicate with one or more

other terminals 103-106, which may be Very Small Aperture
Terminals (VSATSs). Terminals 103-106 may include an

antenna or radar dish for communicating with satellite 101,
and may also communicate with one or more additional
peripherals 103a-d. These peripherals may include any type
of computing device, such as one or more personal comput-
ers, set-top boxes, personal video recorders, televisions, tele-
phones, facsimile machines, alarm systems, etc. Terminals
103-106 may 1n turn serve as servers for sub-networks of such
computing devices, and may also communicate with other
satellites (not shown).

In some embodiments, satellite 101 facilitates communi-
cations between hub 102 and terminals 103-106 1n several
ways. For communications from the hub 102 to terminals
103-106, also known as the “outbound channel,” the hub 102
may transmit signals to satellite 101, which may then be
“bounced” back down as a broadcast signal 107 that is
received by a plurality of the terminals 103-106. In such a
system, each terminal 1s responsible for determining whether
any of the datarecerved in the broadcast signal 107 1s intended
for that terminal. For communications from terminals 103-
106 to the hub 102, also known as the “inbound channels,”
cach terminal 103-106 may send 1ts own transmission 108,
which may then be forwarded back to the hub 102. In some
embodiments, transmission 108 can also be used by the ter-
minals to communicate with other terminals (e.g., mesh trans-
mission). In some embodiments, these transmissions 108 are
in the same format as one another, and may also be 1n the same
format as the outbound channel 107. In other embodiments,
these inbound channel transmissions 108 may be 1n different
formats to allow for compatibility with different transmission
equipment. In some embodiments, the inbound channel trans-
missions 108 are transmitted 1n bursts, and not continuously,
to conserve bandwidth. In vyet other embodiments, the
inbound channel transmissions 108 may be transmitted con-
tinuously to, for example, help ensure a continuous 1nbound
communication session. In still further embodiments, the
inbound channels 108 may be used in both a burst mode and
a continuous mode depending upon the particular needs of
terminals 103-106.

In some embodiments, the outbound channel 107 1s imple-
mented according to the DVB-S standard. In this standard, the
channel 107 transmits data in MPEG?2 packetized form, and
includes a number of logical links 107a-e, also known as
MPEG transport streams. FIG. 2 illustrates this concept. Each
MPEG?2 transport stream 107a-e 1s assigned a unique PID,
which 1n some embodiments 1s a thirteen-bit code. Packets
containing data for a particular stream 107a-e¢ may include
that stream’s PID in the packet’s header. A receiver (e.g., in a
terminal 103-106, the satellite 101, and/or hub 102) config-
ured to receive such MPEG2 packets may be provided with
information 1dentifying the various streams containing data
relevant to that receiver, and can use the PID to determine
whether a received packet 1s to be kept. The various streams
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may be used to carry distinct data transmissions, such as the
separate audio and video components of a television broad-
cast, Internet data, etc.

FIG. 3 1llustrates a basic MPEG2 packet format that may be
used for many embodiments of the present mvention. As
defined by the MPEG2 standard, an MPEG2 packet 300
includes 188 bytes of information, where each byte contains
cight (8) bits (each bitis a *1’ or ‘0’) of data. The table 1n FIG.
3 identifies the 188 bytes down the left side, with the eight bits
of each byte i1dentified across the top numbered 7 (most sig-
nificant bit) to 0 (least significant bait).

The first four bytes are the packet’s header, and generally
contain information used by the recerver under the MPEG2
protocol to 1dentity the mmformation contained 1n the packet
and how 1t should be handled. For example, Synchronization
byte 301 contains synchronization data that i1s a predefined
pattern to allow an MPEG?2 receiver to recognize when 1t has
begun to receive an MPEG2 packet. The next header byte
contains several pieces ol mformation. Transport Error bit
302 identifies whether the current packet 1s believed to con-
tain potentially corrupted data or an uncorrected error. Pay-
load Unit Start bit 303 identifies whether the data contained 1n
the payload portion 310 of the packet 1s the beginning of
whatever data or file 1s being transmitted. For example, if a
data file 1s too large to fit 1n a single MPEG2 packet, 1t may be
sent piecemeal 1n a number of packets. For the first of these
packets, the Payload Unit Start Bit 303 will be set. For the rest
of these packets, the Payload Unit Start Bit 303 will not be set.

After a Transport Priority bit 304, the next five bits 305,
together with the third byte 306, contain the thirteen-bit PID
identifying the logical link 107a-e, or transport stream, to
which the current packet belongs. The first two bits 307 of
byte 4 are the Transport Scrambling Control bits. These will
identify the type of scrambling, 11 any, that has been applied to
the data carried in the current packet. The next two bits,
Adaptation Field Control bits 308, indicate that the current
packet carries additional header information 1n 1ts Payload
310 (discussed below). The next four bits, Continuity Counter
309, are used to identily the current packet’s place 1n a
sequence of packets so that the original data, which may have
been sent 1n pieces, are reassembled 1n their correct order. The
last 184 bytes of the MPEG2 packet are 1ts Payload 310. The
contents of Payload 310 are the data that 1s being transmatted.

In one embodiment, the MPEG2 packet 1s used to carry
telephony data. Telephony (or telephone) data, as used herein,
refers generally to any and all types of information that can be
carried by telephone link, including but not limited to audio,
video, facsimile, computer and Internet data. In some
embodiments, this telephony data 1s transmitted according to
the DV B data piping proﬁle set forth in standard ETSIEN 301
192. In the DVB data piping profile, information 1s formatted
as MPEG2 packets and transferred directly onto an MPEG2
transport stream for transmission according to the DVB stan-
dard.

Since MPEG2 packets carry 184 bytes of data in their
payload, and many data files exceed 184 bytes 1n length, 1t 1s
common to require multiple MPEG2 packets to transmit a
single IP datagram. To accommodate these transmaissions, the
MPE encapsulation standard provides two different types of
packets. The first type, known as “first ones,” contains data
that begins an IP datagram. The second type, known as “con-
tinues,” contains data that does not begin a datagram s data.
Thus, for example, 1 a particular datagram requires 10
MPEG?2 packets for transmission, the datagram’s data will be
broken down 1nto 10 separate MPEG?2 packets. The first such
packet 1s a “first one,” while the remaining nine are “contin-
ues.”
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According to the MPE standard, the Payload Unit Start bat
303 identifies whether a given packet 1s a “first one” or a
“continue.” If the bit 15 set, then the packet 1s a “first one.” In
a “first one” packet, and according to the MPE standard, the
first byte of the Payload 310 1s expected to contain a pointer to
a location within the Payload 310 where the first byte of data
of a second payload may be found. Such a pointer allows the
splitting of long datagrams into several MPEG2 packets, and
packing of several short datagrams into a single MPEG2
packet.

Since the Payload 310 1s 184 bytes long, this pointer 1s
naturally not expected to point to a location beyond the 184-
byte Payload 310 portion of the packet. There are a number of
ways to implement such pointers. For example, a zero offset
pointer identifies a location that 1s a number of bytes from the
first byte of the payload. Thus, a zero offset pointer value of 1
would point to the byte that 1s one byte from the first byte (1.¢.,
the second byte); while a zero offset pointer value of 3 would
point to the byte that 1s three bytes from the first byte (1.e., the
fourth byte). Other pointer conventions are also possible,
such as a pointer that counts 1ts oifset not from the first byte of
the payload, but from the first byte of the entire MPEG2
packet.

Some embodiments of the present ivention take advan-
tage of this convention by assigning meaning to pointer val-
ues that point to locations outside of the MPEG2 Payload 310.
In one embodiment, the Payload 310 first byte 1s set to OxCO
(decimal 292) to indicate the presence of telephony data.
Other embodiments may use any value that points to a loca-
tion outside of the Payload 310 portion of the packet, such as
0xDO (decimal 293), 0xB9 (decimal 185), etc. In some alter-
native embodiments, setting the highest two bits of the first
byte are all that 1s necessary to define an address location
outside of the Payload 310 portion (since setting these bits
means a minimum of decimal 292), and the remaining six bits
may be put to other use.

FIG. 4 1llustrates a Payload 310 organization according to
one example embodiment of the present invention. Inthe FIG.
4 embodiment, the first byte 1n the Payload 310 1s a Telephony
Code 401 that 1s set to a predetermined value to signity that
the packet contains telephony data. As discussed above, the
FIG. 4 embodiment uses 0xCO for this predetermined value,
but any other predetermined value may be used.

The next byte, Frame Counter 402, 1dentifies the number of
telephony “frames,” or messages, that are included in the
present packet. A “frame” refers to an amount of telephony
data, such as voice data. The FIG. 4 embodiment includes
three frames ol data per packet Payload 310, so packets
arranged 1n this embodiment would have a Frame Counter
402 value of three. If more or fewer frames are included 1in the
packet, the Frame Counter 402 will reflect the number of
frames.

For each frame contained in the MPEG?2 packet, there may
be a two-byte VSAT Identification (ID) value. The VSAT 1D
1s a code used 1n satellite systems (such as the one shown 1n
FIG. 1) that can uniquely identily a particular terminal receiv-
ing the satellite 101 signal. If Frame Counter 402 1s (n), the
FIG. 4 embodiment includes (2n) bytes containing the VSAT
IDs corresponding to the (n) frames. In the FIG. 4 embodi-

ment, three frames are included 1n the MPEG2 packet, and as
such, six bytes of VSAT ID information are included. The first

two bytes 403-404 identify the VSAT ID for the first frame,
the second pair of bytes 405-406 1dentifies the VSAT 1D for
the second frame, and the third pair 407-408 1dentifies the
VSAT ID for the third frame.

Byte 409 contains a pointer to the location 1n the Payload
310 where the second frame begins, while byte 410 contains
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a pointer to the location in the Payload 310 where the third
frame begins. In some embodiments, the value of this pointer
represents the distance (in bytes) from the first Payload 310
byte (Telephony Code 401) to the beginning of the frame.

Frame 411 contains the data for the first frame in the
packet. In the FIG. 4 embodiment, the frames are 58 bytes
long (bytes 10-67), each carrying two 24-byte packets of
voice data compressed according to the I'TU G.723.1 stan-
dard, and an additional 10-byte header for the frame. The
additional 10-byte frame header may be used by the recerver
to determine which peripheral (e.g., 103a-d) should receive
the frame of data, identify the type of payload (e.g., com-
pressed in (G.723.1 format, facsimile, etc.), and it may include
a port 1dentifier and/or call identifier, or any other additional
information usetul to the system. This frame header need not
be 10 bytes long, and may be of a different length 1f desired.
Frames 412 and 413 are the remaining two 58-byte frames
carried 1n the packet, and can carry telephony data for two
other peripherals (or even peripherals connected to different
terminals 103-106).

Using the FIG. 4 embodiment, a communication system
may transmit data for a number of communication sessions,
such as telephone calls, facsimile transmissions, Internet ses-
sions, etc. for a number of peripherals associated with a
receiver such as terminals 103-106 1n an efficient manner.

The FIG. 4 embodiment 1s merely one example byte struc-
ture, and a number of variations are possible. For example, the
bytes (e.g., the frames 411-413, VS AT 1Ds 403-408 and num-
ber of frames 402) need not be arranged as they are shown 1n
FIG. 4, and may instead be arranged in any other desired
order.

The FIG. 4 embodiment uses a combination of the Payload
Unit Start bit 303 and the telephony code 401 to indicate to the
receiver that the MPEG2 packet contains telephony data.
Alternative methods of such indications are also possible. For
example, the system may assign a particular PID (found 1in the
MPEG?2 header 300) to all packets containing telephony data,
and receivers (e.g., in terminals 103-106, satellite 101, and/or
hub 102) can simply check the PID in recerved MPEG?2
packets to determine whether that MPEG2 packet contains
telephony data. A potential advantage to this 1s that the tele-
phony code 401 may no longer be needed, freeing up that byte
in the packet for transmission of data. This also avoids the
need for using the Payload Unit Start bit 303 for indicating the
presence ol telephony data—something that 1s not its
intended use 1n the MPEG2 standard, and which may present
difficulties to other applications that assume the Payload Unait
Start bit 303 1s only set when a new data file begins.

The FIG. 4 embodiment uses a 16-bit VSAT ID, which 1s
enough to uniquely identify up to 65,536 VSATSs. For net-
works having fewer VSATSs, a shorter VSAT 1D may be used.
Conversely, larger networks may use a longer VSAT ID. The
particular length may be chosen based on the anticipated
network size, and 1s not limited to the 16-bit length shown 1n
FIG. 4. Ssmilarly, the size of other data shown 1n FIG. 4 may
be varied as well. For example, Frame Counter 402, pointer
409 and/or pointer 410 may be smaller than a single byte,
depending on the desires of the designer.

As a further alternative, the pointers at bytes 408 and 409
may be eliminated. If the size of the payload 1s known and
fixed, then 1n such alternative embodiments, the locations for
frames 412 and 413 may simply be calculated based on the
lengths of the other data in the packet, and the number of
frames contained 1n the packet. For example, frames 412 and
413 may begin sequentially, immediately after frame 411.
Additionally, frame 411 may begin immediately after the

various VSAT IDs 403-408.
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The MPEG2 standard defines the 184-byte payload size,
but the number of frames contained within this payload may
be modified. Among the factors that may be considered in
determining the size and number of frames to include 1n a
packetare: 1) the type of information being carried; and 2) the
acceptable level of service. As noted above, voice compres-
sion according to the I'TU G.723.1 standard results in a
24-byte packet of voice data that corresponds to 30 millisec-
onds of audio. The consequence of such compression 1s a 30
millisecond delay (at least) between the time the speaker
makes the sound and the time the 30-millisecond portion 1s
compressed and transmitted. If a 60 millisecond delay 1s
acceptable, then the MPEG?2 packets may carry two of these
compressed-voice packets at a time for any given call or
communication session. Since the MPEG2 packet shown 1n
FIG. 4 carries three such frames, that packet can carry data for
three different devices.

The FIG. 4 embodiment accepts this 60-millisecond delay,
and its frames include two 24-byte compressed voice packets,
using 48 bytes. Fach frame also includes its own 10-byte
header that identifies the particular call, conversation, com-
munication session and/or peripheral device that 1s to receive
the voice packets. As noted above, this 10-byte frame header
may be of a different size 1f desired. If a greater delay 1s
acceptable, such as 1n the case of some types of non-voice
data, then the frame size may be increased to include more
information with each frame, thereby increasing efficiency by
reducing overall overhead, and the MPEG2 packet might
carry fewer than three frames. In some embodiments, each
MPEG?2 packet may simply carry a single voice frame, avoid-
ing some overhead (such as pointers 409, 410). On the other
hand, 11 a shorter delay 1s desired, the frames may be reduced
in si1ze, such that they each only carry one 24-byte packet of
information. Such a shorter frame may also allow a greater
number of simultaneous calls, as each MPEG?2 packet would
be able to carry more frames at one time, although the header
attached to these frames would increase the overall overhead.

The FIG. 4 embodiment uses the I'TU G.723.1 standard for
compressing voice telephone data. However, other compres-
sion standards may be used instead, and other types of data
may be transmitted. The use of different standards and com-
pression format may allow greater or fewer numbers of
frames to be included with each packet, depending on factors
such as the two 1dentified above. Other types of data, or other
delay criteria, may result 1n different numbers and/or sizes of
frames. For example, a facsimile transmission may permit
larger frames due to the absence of the voice compression
packet size and/or the greater acceptability of delay. Other
types ol voice compression may result in packets of different
s1ze. For example, a low voice rate (e.g., 2.5 kbps) may allow
a greater number of smaller frames to be placed within a
single MPEG?2 packet, while higher rate voice data (e.g., 8 or
16 kbps) may result 1n larger frames. Accordingly, although
the FIG. 4 example uses three frames per packet, 1t will be
understood that any other number of frames may be placed in
the packet, subject to the various considerations discussed
herein and the overall payload limit size of 184 bytes.

FIG. 5 1illustrates an example logical flow diagram
employed at a receiver (e.g., in terminals 102-106, satellite
101, and/or hub 102) 1n some embodiments of the present
invention. After beginning the process 501, an mitialization
502 1s needed to prepare for the receipt of incoming packets.
During this mmtialization 502, the receiver determines the
format of the packets that are expected to be recerved, 1den-
tifies the MPEG?2 logical data streams (and their correspond-
ing PIDs) that are expected to carry data of relevance to the
receiver, and 1dentifies the VS AT ID(s) that correspond to the
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receiver. As noted above, a VSAT ID may uniquely 1dentify a
given recerver, and the receiver may be prepared to receive
packets addressed to its own VSAT ID. Certain VSAT 1D
codes may also be set aside for identitying predefined groups
or types ol receivers. For example, a certain VSAT ID may be
assigned to all terminals 103-106, and frames addressed to
that VSAT 1D will be intended for all terminals. As another
example, a different VSAT ID may be assigned to all termi-
nals 103-106 within a given location, or of a given type. The
use of such generic VSAT IDs allows for the broadcast trans-
mission of data, such that the data may be addressed to a
plurality of receivers.

Initialization 502 1s shown in FIG. 5 as a single step, but the
various 1nitialization and setup activities that are necessary
need not be performed simultaneously or 1n a single step. In
the FIG. 5 embodiment, the initialization may be performed
prior to processing packets containing telephony data. In
some embodiments, some or all of the mitialization may be
repeated after some packets have already been processed.
This may occur, for example, when there 1s a change in the
VSAT IDs to be used, or to dynamically reconfigure the
distribution of frames within the MPEG2 packets.

The process then moves to step 503, in which a received
packet1s checked to see whether 1t has been formatted accord-
ing to the DVB format. ITthe packet 1s not a DVB format, then
the process waits until a DVB format packet has been
received.

If a DVB packet has been received, the packet’s PID 1s
obtained from the packet header and compared 1n step 504 to
the PID(s) identified during initialization to determine
whether the received packet carries a data stream of relevance
to the recerver. For example, a terminal 103 may be precon-
figured to accept only data packets containing certain PIDs.
Some embodiments may ignore packets whose PIDs relate to
other forms of data, such as management, IP data or synchro-
nization.

If the packet 1s of relevance to the receiver (e.g., its PID
identifies a logical stream that the receiver wishes to recerve),
the system determines 1n step 505 whether the packet contains
telephony data that 1s arranged, or encapsulated, according to
an embodiment of the present invention (such as voice data as
stated 1n FIG. §). In most embodiments, the received packet
does not contain data that 1s arranged according to the Internet
Protocol (e.g., an IP packet such as those used at the present),
and as such avoid the excessive overhead associated with IP
packets. For packets configured according to the FIG. 4
embodiment, this step may involve determining whether Pay-
load Unit Start bit 303 1s set and, if so, whether the Telephony
Code 401 byte 1s 0xCO. Alternatively, this step may ivolve
determining whether the Telephony Code byte 401 exceeds a
certain value (such as 183, the s1ze of the MPEG2 payload), or
whether the highest two bits of Telephony Code byte 401 are
high. Any number of alternative designs may be used to
indicate the presence of telephony data.

If the packet does not contain telephony data, then the
process proceeds to step 507, where the packet contents are
processed as non-telephony data. This processing will depend
on the type of data contained 1n the packet, and the necessary
processing. For example, 11 the packet contained a video
segment of a television program, and was not encapsulated 1n
accordance with an embodiment of the present invention, that
video segment may be processed by a video processor for
display on a user’s television set as 1s normally done with
digital video.

If the system determines that the packet contains telephony
data encapsulated in accordance with an embodiment of the
present invention, the system proceeds to step 306 to deter-

10

15

20

25

30

35

40

45

50

55

60

65

10

mine the number of frames contained 1n the MPEG?2 packet.
In the FIG. 4 embodiment, this can be accomplished by read-
ing Frame Counter 402.

The process then proceeds to step 508, where the VSAT 1D
corresponding to the next frame 1s retrieved from the packet,
and compared against the VSAT IDs that were 1dentified
during Initialization 502 as being relevant to the recerver. If
the VSAT ID 1s proper, or corresponds to a VSAT ID assigned
to the receiver, then the process moves to step 509. In step
509, the frame 1s retrieved from the packet, and forwarded by
the receiver to the appropriate device or peripheral (e.g.,
103a-d) for turther processing. The recetver can examine the
frame header (e.g., the 10-byte header 1n first frame 411) to
determine where i1t should send the frame and/or what 1t
should do with the frame.

The process then moves to step 510 to determine whether
more frames of data are found 1n the current packet. Step 510
1s also performed 11, 1n step 508, the next VSAT ID does not
correspond to any of the VSAT IDs of relevance to the
recelver.

In step 510, 1 more frames are 1n the packet, the process
returns to step 508 to examine the next frame’s VSAT ID. IT
no more frames are 1n the packet, then the process returns to
step 503 to await receipt of the next DVB packet.

FIG. 6 illustrates a basic block diagram of various compo-
nents used in some embodiments, most of which are commer-
cially-available. Satellite antenna 601 recerves signals from a
satellite (not shown), and forwards them to Low Noise Block-
downcoverter (LNB) 602, which may convert a block of
received frequencies from a high band used for extraterres-
trial transmission to a lower band for processing. From the
LNB 602, received signals may be forwarded to a DVB
Tuner/Demodulator 603, which may operate to process the
received band of frequencies and 1solate the data stream(s)
received from the satellite. For example, DVB Tuner/De-
modulator 603 may operate to separate the particular
MPEG-2 datastream for processing. This stream of data may
then be forwarded to a DVB Demultiplexer 604, which may
determine whether a recerved packet’s PID corresponds to
one that the particular receiver should process. This may be
done, for example, as shown above i step 504. DVB Demul-
tiplexer 604 may also make a determination as to whether the
particular frames of data contained 1n the packet are intended
for a device connected to the receiver, such as a telephone.
This determination may be based on the VSAT 1Ds contained
within the packet, and may correspond to step 508 discussed
above. The DVB Demultiplexor 604 may also determine
whether the recerved packet includes any telephone data at
all, as done 1n step 505 above.

DVB Demultiplexor 604 may forward packets containing,
one or more frames of telephone data to controller 6035. Con-
troller 605 may include one or more processors 606, execut-
ing code stored on one or more storage media 607, to perform
the various steps described above and/or shown 1n FIG. 5.
Controller 605 may then extract the particular frame(s) of
telephone data from the packet, and forward the frame(s) to
their proper destination based on the VSAT IDs, as 1s done 1n
step 509 above. For example, frames of voice telephone data
may be forwarded to one or more voice processors 608 foruse
with one or more telephones 609, or to one or more facsimile
processors 610 for use with one or more facsimile machines
611. Processors 608 and 610 may perform the task of decod-
ing/decompressing the frames of telephone data for use with
their particular machine, and their functionality may be
placed 1n separate processors (as shown), 1n a single proces-
sor, or mntegrated into either controller 605, telephone 609 or
facsimile machine 611. Any other type of data-consuming
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device may also ultimately receive such data, and may also
employ additional processing to convert the frames of data for
their use.

FIG. 7 shows an illustrative block diagram of components
that may be located at hub 102 to facilitate the transmission
and reception of data sent to, and received from, the various
terminals in the system. Hub 102 may include an antenna 701
which may be used to transmit data to and recerve data from
a satellite. In some embodiments, separate antennas may be
used for transmission and reception. Hub 102 may also
include transmission and/or reception circuitry 702, which
may permit hub 102 to communicate with other terminals 1n
the system via satellite. Hub 102 may include a controller 703
having one or more memories 704 and one or more processors
705. The one or more memories 704 may store executable
instructions causing the one or more processors to receive,
pack, and transmit data in the various formats described
above.

Any of the aspects of the ivention may be embodied 1n
computer-executable instructions or code, such as 1n one or
more program modules, executed by one or more computers,
processors, or other devices located at or 1n communication
with the terminals 103-106, satellite 101, and/or hub 102.
Generally, program modules include routines, programs,
objects, components, data structures, etc. that perform par-
ticular tasks or implement particular abstract data types when
executed by a processor 1n a computer or other device. The
computer executable instructions may be stored on a com-
puter readable medium such as a hard disk, optical disk,
removable storage media, solid state memory, RAM, etc., and
may be stored 1n one or more such computer-readable media.
As will be appreciated by one of skill 1n the art, the function-
ality of the program modules may be combined or distributed
as desired 1n various embodiments. In addition, the function-
ality may be embodied 1n whole or in part in firmware or
hardware equivalents such as integrated circuits, field pro-
grammable gate arrays (FPGA), and the like.

While the embodiments above have been described with
respect to specific examples, those skilled in the art waill
appreciate that there are numerous variations and permuta-
tions of the above described systems and techniques. Thus,

the spirit and scope of the mvention should be construed
broadly as set forth 1n the appended claims.

The mvention claimed 1s:
1. A method of recerving telephone information, compris-
ing the steps of:

receiving a packet from a satellite at a receiver, said packet
including a packet header and a payload;

determining whether said recerved packet contains tele-
phone data by reviewing a payload unit start bit in the
packet header and a telephone code contained in the
payload of said packet;

based on a determination that the received packet contains
telephone data, extracting a first frame of telephone data
from said packet, wherein said packet does not contain
data belonging to an Internet Protocol packet; and

forwarding said first frame of telephone data to a first
telephone device communicatively connected to said
recelver.

2. The method of claim 1, further comprising the steps of:

reviewing data contained 1n said packet to determine
whether said packet contains telephone data intended for
said receiver;

extracting a second frame of telephone data from said
packet; and
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forwarding said second frame of telephone data to a second
telephone device communicatively connected to said
recelver.

3. The method of claim 2, wherein said packet includes at
least two VSAT 1dentifiers.
4. The method of claim 2, wherein said packet includes a
pointer to a location of said second frame, said location being,
within said packet.
5. The method of claim 1, further comprising the step of
reviewing a frame counter contained within the payload of
said packet to determine a number of frames of telephone data
contained 1n said packet.
6. The method of claim 1, wherein said step of determining
whether said recerved packet contains telephone data by
reviewing the payload unit start bit in the packet header and
the telephone code contained 1n the payload of said packet
further comprises:
reviewing said packet header to determine whether said
payload unit start bit 1s set;
11 said payload unit start bit 1s set, reviewing a first byte of
the payload of said packet to determine whether said first
byte points to a location within said payload of said
packet; and
determining that said packet contains telephone data 11 said
first byte does not point to a location within the payload
of said packet.
7. A satellite recerver system, comprising;
at least one processor; and
at least one non-transitory computer-readable medium
storing executable program code that, when executed by
said at least one processor, causes said at least one pro-
cessor to perform the following steps:
receiving a packet from a satellite, said packet including
a packet header and a payload,;

determining whether said recerved packet contains tele-
phone data by reviewing a payload unit start bit in the
packet header and a telephone code contained in the
payload of said packet;

based on a determination that the received packet con-
tains telephone data, extracting a first frame of tele-
phone data from said packet, wherein said packet does
not contain data belonging to an Internet Protocol
packet; and

forwarding said first frame of telephone data to a first
telephone device communicatively connected to said
satellite recetver system.

8. The satellite receiver system of claim 7, the at least one
computer-readable medium storing additional executable
program code that, when executed by said at least one pro-
cessor, causes said at least one processor to perform the
tollowing additional steps:

reviewing data contained in said packet to determine
whether said packet contains telephone data intended for
said satellite receiver system;

extracting a second frame of telephone data from said
packet; and

forwarding said second frame of telephone data to a second
telephone device communicatively connected to said
satellite recerver system.

9. The satellite recerver system of claim 8, wherein said

packet includes at least two VSAT 1dentifiers.

10. The satellite recerver system of claim 8, wherein said
packet includes a pointer to a location of said second frame,
said location being within said packet.

11. The satellite recerver system of claim 7, the at least one
computer-readable medium storing additional executable
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program code that, when executed by said at least one pro-
cessor, causes said at least one processor to perform the
tollowing additional step:

reviewing a frame counter contained within the payload of
said packet to determine a number of frames of tele-
phone data contained in said packet.

12. The satellite receiver system of claim 7, wherein said
step of determining whether said received packet contains
telephone data by reviewing the payload unait start bit in the
packet header and the telephone code contained 1n the pay-
load of said packet further comprises:

reviewing said packet header to determine whether said
payload unait start bit 1s set;

i said payload unit start bit 1s set, reviewing a first byte of
the payload of said packet to determine whether said first
byte points to a location within said payload of said
packet; and

determining that said packet contains telephone data if said
first byte does not point to a location within the payload
of said packet.

13. A method of recerving telephone information, compris-

ing the steps of:

receiving a packet from a satellite at a receiver, said packet
having a packet header and a payload;

determining whether said payload contains telephone data
of relevance to said receiver by identifying a pointer
value 1n said packet payload, and determining whether
said pointer value points to a location within said pay-
load;

based on a determination that said payload contains tele-
phone data of relevance to said receiver, extracting a
plurality of frames of telephone data from said payload;
and

forwarding said frames of telephone data to at least one
device communicatively connected to said receiver.

14. The method of claim 13, further comprising assigning

a telephone data type to payload pointers that point to loca-
tions outside of the payload.
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15. The method of claim 13, wherein the payload of said
received packet contains at least three frames of compressed
voice data.

16. The method of claim 14, wherein the payload of said
received packet contains at least three VSAT IDs, each said

VSAT ID identitying a device communicatively connected to
said recerver.

17. The method of claim 14, wherein the payload of said
received packet includes additional header information 1den-
tifying a number of frames of compressed voice data con-
tained 1n said payload.

18. The method of claim 13, further comprising:

extracting a packet identifier from the payload of said

received packet; and

determining whether said extracted packet identifier cor-

responds to a predefined packet i1dentifier associated
with the presence of telephone data in the received
packet.

19. A communication method comprising the steps of:

packing a plurality of frames of telephone data into a pay-

load portion of a single MPEG2 packet according to a
DV B data piping profile and using a payload unit start bit
in a header of said MPEG2 packet to indicate that the
data i said payload 1s telephone data, wherein a first
byte 1n the payload portion of the MPEG2 packet 1s a
pointer that points to a location outside of the payload
portion; and

transmitting said MPEG2 packet to a receiver via an extra-

terrestrial satellite.

20. The method of claim 19, further comprising the step of
determining a number of frames to pack in said MPEG?2
packet based on an acceptable delay time.

21. The method of claim 19, further comprising the step of
determining a number of frames to pack in said MPEG2
packet based on a size of said frames.

22. The method of claim 19, wherein said payload portion
does not contain Internet Protocol data.
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